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Abstract. The present paper research compares the Ecological Footprint (EF) of conventional 
and organic agro-foods in relation with the carbon emissions generated in the production and 
distribution chain. The conventional production system were found to have a EF value in average with 
50% higher than in organic processing, mainly due to the agricultural and packing procedures. The 
lowest CO2 emissions were found for organic cereal production (1.15gha/t in rye case). Pork meat 
production is less emission intense than chicken, which is more environmentally favorable than lamb 
and beef. The reducing of EF in case of organic production is in the range of 1,05 (potatoes)-1,89 
(tomatoes) times in vegetables case, 1.15 (rye)–2.23 (wheat) in cereals case, 1.03(chicken)-
1.93(turkey) in meats case  and dramatically more in case of sea foods 1.64 (shrimps)-5.9. Pelagic fish 
species such as herring or mackerel with low CO2 emissions register the highest reducing of EF in 
case of organic conversion of production and Eco-friendly distribution system.  
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INTRODUCTION 
 
The EF measure the natural capital demand of human activities (Wackernagel and 
Rees, 1996 and 2002) and reveal the sustainability of consumption patterns on individual, 
local, national and global scales (WWF, 2008).  
 The present tendency is to emphases the potential of local food to contribute at the 
sustainable development, maintaining regional identities and support modern organic 
agricultural (Defra, 2007, Everett and Aitchison, 2008). Organic agro-production refers to 
agriculture which does not use artificial chemical fertilizers and pesticides, and respect 
animals lived welfare in more natural conditions, without the routine of using drugs or 
antibiotics, common in the intensive livestock farming. The most commonly reasons for 
consuming organic food are: food safety, the environment, animal welfare, and taste (Soil 
Association, 2003). The principal environmental reason for localizing food supply chains is to 
reduce the impacts of food miles—the distance food travels between being produced and 
being consumed —and to reduce the energy and pollution associated with transporting food  
around the world. Local food is a solution to the problem of food miles (Subak, 1999). 
The aims of the present paper were: (i) to compare conventional and organic agro-
foods, by means of the EFE method using LCA protocol and (ii) correlate the EF values with 
the carbon emissions generated in the production and distribution chain. 
 
MATERIALS AND METHODS 
 
In the present paper research, EF was evaluated with the 3 main components (or 
modules):  
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(i) BEF , the basic or gross EF of raw materials (agriculture production surface footprint);  
(ii) PEF , the EF for agro-food production and processing;  
(iii) TEF , the EF of retail transport.  
The EFE were conducted by grouping the raw foods under the variables of nature, 
type of production system and transportation facilities. 
In the calculation of product-specific EF we consider all the quality-controlled life 
cycle information including energy, materials, transportation and wastes. To calculate EF, the 
inputs of different kinds are first converted to the corresponding actual area of land/water 
ecosystems needed to produce the resources or assimilate the emissions, converted in global 
hectare (gha) by means of yield and equivalence factors. The equivalence factor reflects the 
difference in productivity of land-use categories. The yield factor reflects the difference 
between local and global average productivity of the same bioproductive land type (Monfreda 
et.al., 2004). 
In LCA method, the EF of a food item is defined as the sum of direct land occupation 
and indirect land occupation, related to the total CO2 emissions from fossil energy associated 
with the transformation (industrial processing) and transportation cycle: 
 
TPBi EFEFEFEF ++=  (1) 
 
In formula (1) BEF  is the basic EF related to the land occupation 6 types identified, 
calculated with the formula (3): 
BEF = i
n
i i
qFF∑
=1
 (2) 
 
Where: BEF  is the EF of direct land occupation (m2), iF is the occupation of area 
by land use types i (m2) and iqF is the equivalence factor of land yields for the RO and 
world yields were based on FAO Database (FAO,2007). 
The environmental impact generated by the transportation system was calculated with 
the original equation (3): 
2COTSCT EFEFEFEF ++=  (3) 
 
Where: TEF is the EF value for transportation system adopted for the raw materials; 
CEF  is the EF value for the production of the fuel consumed in the transportation of raw 
foods; TSEF  is the EF value for the transportation state in the refrigeration units; 2COEF is 
the EF value involved by the pollution generated with the emission of 2CO  in course of the 
transportation cycle. 
For road transport a coefficient of 0.07 ha km−1 (1000 t)−1 was used to convert the 
travelled distance into actual forest area (Chambers et al.,2000). For sea transport, an average 
emission factor of 0.0153 kgCO2 t−1 km−1 (Smith et al., 2005) was used. The value was then 
converted into gha using the world-average carbon adsorption factor, which was 
0.271 gha tCO2−1 (Global Footprint Network, 2006).  
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RESULTS AND DISCUSSIONS 
 
The CO2 Emissions and EF for farm vegetables were presented in Fig. 1. The tomatoes and 
cucumber produced in the conventional manner shown the greatest value of CO2 emissions 
correlated with the EF value. The reducing of EF value by conversion to the organic 
agricultural procedures determined a reducing of the environmental impact with 47% in case 
of carrots, 29% in tomatoes case and 19% in cucumber case, respectively. The ratio of CO2 
emission in conventional to organic agricultural producing methods was range from 1.05 in 
potatoes case to 1.896 in case of tomatoes. 
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Fig. 1. CO2 Emissions (t CO2 /t) and Ecological Footprint (gha/t) for farm vegetables 
 
The CO2 emissions from cereals were between 0.190 and 4.60 tCO2 /t (Tab. 1).The 
lowest emissions were found for organic cereal production. Rice were 5 to 20 times more 
emissions-intense (4.55 t CO2/t) than the regular cereals (wheat, rye). 
Tab. 1  
CO2 Emissions and EF for farm cereals 
 
Cereal Carbon Emissions t CO2/t 
EF gha/t Agro-Production System 
Wheat 0.19 0.45 
1.83 
4.09 
Organic 
Conventional 
Rye 0.65 0.75 
1.15 
1.33 
Organic 
Conventional 
Rice 4.60 3.04 Conventional 
 
Pork meat is environmentally more favorable than chicken, which is more favorable 
than lamb and beef. Beef is found to be around 5 times more CO2-emissions intense than 
pork meat (Fig. 2), with the greatest EF value of 12, 18 gha/t in the conventional production 
system. The conversion to an organic production system determinate a reducing of 
environmental impact calculated as brut EF of 31, 03-45, 8%, depending on capacity and 
efficiency of the production farm. Chicken meat have the lowest impact on the total EF of 
ready to eat foods created with this type of meat. 
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 Fig. 2. CO2 Emissions (t CO2 /t) and Ecological Footprint (gha/t) for farm meats 
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Fig. 3. CO2 Emissions (t CO2 /t) and Ecological Footprint (gha/t) for seafoods 
 
Tab.2 
CO2 Emissions and EF for various transportation systems 
 
Transport System Emission CO2 kg /t km EF gha/t 
Air (EU)* 0.725 0.357 
Air (transatlantic) 0.710 0.35 
Rail 0.015 0.006 
Trucks** 0.075 0.031 
Marine 0.012 0.005 
*1 kg of diesel/kerosene corresponds to 3.15 kg CO2 
**Diesel has 85.9% carbon content by weight so the emission factor will be 0.859 × 3. 6667 = 3.15 tCO2/t diesel 
(Carbon Trust, 2006, Zachariadis and Kouvaritakis 2003). 
 
Pelagic fish species such as herring or mackerel have the lowest CO2 emissions in 
organic production case 0.08t CO2/t of fish (Fig. 3). The deep-sea species and farmed 
carnivorous fish, such as salmon, generate the higher pressure both in term of CO2 emissions 
and EF impact.  
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Marine transport system with great capacity and efficiency generate the lowest 
emissions of 0.012 kg CO2/t km in compare with an average capacity facility truck which 
cause emissions of 0.075 kg CO2/ t km (Tab.2).  
The Tab. 3 shows that the transport of melon to Romania (Bucharest) from Brazil (Sao 
Paulo) by sea generate an added value of 0.033 gha/t at the brute EF of food (0. 35 gha/t), due 
to the greater capacity of the shipping facilities in comparison to air transport system, taking 
in account the potential for wastage implied by the longer travel chain. Avocado transported 
by air from South Africa (Cape Town) to Romania (Bucharest) imply the greatest EF 
correlated with the CO2 emissions 0.760 gha/t, while the transport by air generally is the most 
not-environment friendly type of transport. The transport by were 9 times more Eco-friendly 
than the transport by rail. 
 
CONCLUSIONS 
 
The local origin of agro-foods reduce the environment impact despite the fact that the 
total efficiency is lower than in centralized regional or national farms, in terms of productivity 
and primary processing yield. The red meat induced the leading impact on the total agro-
foods EF. Vegetables, fruits and cereals with local origin have the lower value of EF and the 
ratio proposed in the optimized Eco-menus must be increased in order to generate a 
significant reducing of total EF. The results also indicate that using low-carbon fish 
(mackerel, herring) and meats (chicken, turkey) can reduce substantially a meal’s average 
carbon footprint. 
Promoting the daily menu planning including vegetable from proximity sources (short 
chain producers), the public catering system could have three types of advantages: nutritional, 
ecological and financial.  
A rational and efficient network composed from a biological agriculture source of 
agro-foods and a environmental friendly transportation facilities give the best result in the 
reducing total EF of the final ready to eat product. By reducing the quantities of meat, 
especially beef and sea fish, and increasing the proportion of locally organic cereals, potatoes 
and fruits a reducing with 50% of total individual daily food EF is possible, in case of a eco-
attitude adopted in the public institution in the first step.  
An eco-strategy must be constructed in the near future in order to reduce our actual EF 
on the individual, institutional and national scale. 
 
Tab.3 
EF for Organic Agro-food transported from abroad to Romania (Bucharest) 
 
 
Food, origin and transportation system Emission in the transportation cycle kg CO2/t 
EF Brut 
gha/t 
EF Transp. 
gha/t 
Avocado , South Africa(Cape Town), 
aircraft 0.870 1.26 0.76 
Smoked Salmon, South Africa(Cape 
Town), aircraft 0.870 6 0.76 
Cherry, Spain(Madrid), aircraft 0.797 0.20 0.195 
Melons, Brazil(Sao Paulo), marine 0.033 0.35 0.033 
Tomatoes , Italy(Roma),truck 0.32 0.31 0.065 
Tomatoes , Italy(Roma),train 0.030 0.31 0.006 
Wine , Italy(Roma),truck 0.32 0.112 0.065 
Virgin Olive oil, Italy(Roma),truck 0.32 3.17 0.065 
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